Purpose: To assess the causal mechanisms of a healthy lifestyle intervention for patients with chronic low back pain and knee osteoarthritis, who are overweight or obese. Methods: We conducted causal mediation analyses of aggregated data from two randomized controlled trials (RCTs); which included 160 patients with chronic low back pain, and 120 patients with knee osteoarthritis. The intervention consisted of brief advice and referral to a six-month telephone-based healthy lifestyle coaching service. We used causal mediation to estimate the indirect, direct and pathspecific effects of hypothesized mediators including: self-reported weight, diet, physical activity, and pain beliefs. Outcomes were pain intensity, disability, and quality of life (QoL). Results: The intervention did not reduce weight, improve diet or physical activity or change pain beliefs, and these mediators were not associated with the outcomes. Sensitivity analyses showed that our estimates were robust to the possible effects of unknown and unmeasured confounding. Conclusions: Our findings show that the intervention did not cause a meaningful change in the hypothesized mediators, and these mediators were not associated with patient-reported outcomes.
Introduction
Low back pain and knee osteoarthritis are common musculoskeletal conditions responsible for a significant global burden. 1 In the 2016 Global Burden of Disease Study, low back pain ranked first and osteoarthritis, for which knee osteoarthritis is the highest contributor, ranked 12th among all causes of years lived with disability. 1 Consequently, these conditions cause substantial economic strain. For example, the total annual cost to Australian society was estimated at $9.2 billion (2001) 2 for low back pain and $23.1 billion 3 (2008) for osteoarthritis.
A number of factors potentially influence the course of low back pain and knee osteoarthritis. Among those commonly reported are lifestyle risk factors and erroneous pain beliefs. For example, meta-analyses have shown that being overweight or obese is associated with the persistence of low back pain 4 and increases the risk of knee osteoarthritis. 5 Given their influence on weight gain, lifestyle risk factors such as poor diet and physical inactivity are also likely to indirectly influence the course of low back pain and knee osteoarthritis, via weight status. 6 Independently, physical inactivity is directly associated with the persistence of low back pain 7 and poorer physical function in people with knee osteoarthritis. 8 In addition, erroneous pain beliefs are known to adversely influence management of low back pain and knee osteoarthritis resulting in delayed recovery and higher disability. 9, 10 Therefore, targeting lifestyle risk factors and erroneous pain beliefs are considered important aspects of treatment programmes for managing chronic low back pain and knee osteoarthritis. 11, 12 We conducted two randomized controlled trials targeting weight, diet, physical activity and pain beliefs, aiming to reduce pain intensity in patients with chronic low back pain 13 and patients with knee osteoarthritis, 14 who are overweight or obese. Standard intention-to-treat analyses of these trials showed that the intervention was no better than usual care in improving pain intensity, disability and quality of life. 13, 14 However, these primary analyses do not explain why the intervention did not work. That is, we have limited information about where the hypothesized causal mechanism failed. 15, 16 To provide insight into these mechanisms, we conducted a planned 17 causal mediation analysis. The primary objective of this analysis was to understand whether it was the intervention that failed to change the mediator, or whether the mediators were not associated with outcomes, or both. 15, 16 Robust estimates for the path-specific intervention-mediator and mediator-outcome effect (in the context of this trial) would provide useful information to guide intervention adaptation or revise treatment targets for this target population.
Methods
We conducted causal mediation analyses on aggregated data from two, two-arm randomized controlled trials, both part of a cohort multiple randomized controlled trial design. 18, 19 Full details of the methods of each trial are outlined by Williams et al. 13, 18 (ACTRN12615000478516) and O'Brien et al. 14, 19 (ACTRN12615000490572). Briefly, one trial involved 160 patients with chronic non-specific low back pain, 18 and the other, 120 patients with knee osteoarthritis. 19 The prespecified analysis plan for this study is outlined by Lee et al. 17 In both trials, participants allocated to the intervention group received brief telephone advice about the potential benefits of weight loss and physical activity for low back pain or knee osteoarthritis. Participants were then referred to the NSW Get Healthy Service (www.gethealthynsw.com. au), a six-month telephone-based healthy lifestyle coaching service, which aims to support adults to make sustained lifestyle improvements including diet, physical activity and achieving or maintaining a healthy weight. 20 Participants in the chronic low back pain trial were also offered a clinical consultation with the study physiotherapist involving a clinical assessment, patient education to correct erroneous pain beliefs and behaviour change techniques to facilitate healthy lifestyle habits and weight management, informed by self-determination theory.
Participants allocated to the control group continued on the usual care pathway (i.e. remained on the waiting list to have an orthopaedic consultation and could progress to consultation if scheduled) and took part in data collection during the study period.
The selected primary mediator was selfreported weight, in kilogrammes. Alternative mediators were as follows: physical activity measured using the Active Australia Survey, 21 which has moderate reliability (Cohen's Kappa = 0.52) 22 and good face and criterion validity; 23 dietary intake measured using a short food frequency questionnaire, 24 which has moderate reliability (weighted Kappa range = 0.37-0.85) 25, 26 and criterion validity; 26 and pain-related attitudes and beliefs measured using the Survey of Pain Attitudes One-item Questionnaire, which is strongly associated with the parent questionnaire that has acceptable levels of reliability and validity. 27 The primary outcomes were average selfreported pain intensity over the previous seven days, measured using an 11-point pain Numeric Rating Scale (0 = no pain and 10 = worst possible pain); 28 self-reported disability measured using the 24-item Roland-Morris Disability Questionnaire in participants with chronic low back pain, 29 and the Western Ontario and McMaster Universities Osteoarthritis Index 30 in participants with knee osteoarthritis; and physical and mental quality of life measured using the Short Form Health Survey 12, version 2. 31 All outcomes are widely used and validated measures for these populations. [28] [29] [30] [31] [32] We identified potential confounders of the mediator-outcome effects based on theorized effects of baseline variables on the mediator and outcome variables. The selected and measured confounders were as follows: duration of pain (years since onset), pain intensity, disability and quality of life, all measured at baseline. Participant characteristics, primary and alternative mediators, outcomes and potential confounders were measured at baseline prior to random allocation by telephone interview. The primary mediator (self-reported weight) was measured six months after randomization. The alternative mediators (diet, physical activity, pain beliefs) were measured six weeks after randomization. The sequenced measurements of the primary and alternative mediators was planned a priori to facilitate analysis via multiple mediator models (if appropriate), as per the prespecified analysis plan outlined by Lee et al. 17 The outcomes (pain intensity, disability and quality of life) were measured six months after randomization. All mediators and outcomes were collected by a questionnaire completed via telephone by trained telephone interviewers blind to group allocation or mailed in the post as per participant preference.
We used causal mediation analyses to analyse the data following the prespecified analysis plan outlined by Lee et al. 17 We conducted all analyses in R (The R Foundation for Statistical Computing, a statistical software) using the 'mediation' package. 33 We constructed independent single-mediator models for each hypothesized mediator (weight, diet, physical activity and pain beliefs) for each outcome (pain intensity, disability, physical and mental quality of life). Directed acyclic graphs for each model are shown in Figure 1 .
We assumed that the intervention-mediator and intervention-outcome paths were not confounded due to random allocation of patients to intervention and control groups. However, as the mediator cannot be randomized, we assumed the mediator-outcome path to be confounded. Therefore, we included measured confounders (duration of pain, baseline pain intensity, disability and quality of life) in the outcome regression models as covariates.
For each model, we estimated the average total effect, average causal mediation effect, average direct effect and the proportion mediated. The average causal mediation effect is the intervention effect on the outcome that works through the mediator; average direct effect is the intervention effect that does not work through the selected mediator; and average total effect is the sum of average causal mediation effect and average direct effect (the overall intervention effect). The proportion mediated is the fraction of the overall intervention effect that is explained by the average causal mediation effect.
For each single-mediator model, we fit two regression models: the mediator model and the outcome model. The mediator model was constructed with treatment allocation as the independent variable and the mediator as the dependent variable. The outcome model was constructed with treatment allocation and the mediator as independent variables, the outcome as the dependent variable, and baseline measures of the mediator and the set of measured confounders of the mediator-outcome path as covariates. 34 We also included an interaction term (treatment allocation X mediator) in the outcome model to allow for a treatment-mediator interaction effect on the outcome. We used the mediate function to compute average total effect, average causal mediation effect, and average direct effect.
We planned to present the aggregate data from both trials as per our prespecified protocol. 17 However, given that there were some differences between the two trials, namely the clinical populations (chronic low back pain and knee osteoarthritis) and the additional physiotherapy consultation exclusively delivered in the back pain trial, it seemed plausible that effects could have been moderated by trial assignment. To determine whether this was the case, we used moderated causal mediation analysis to estimate both trial-specific effects, and average effects across both trials. We decided to interpret trial-specific effects rather than averaged effects if the average causal mediation effect and average direct effect were conditionally different due to trial assignment.
Our mediation models were not protected against residual confounding of the mediator-outcome path (i.e. due to unmeasured confounders). Therefore, we explored how much residual confounding would explain away the indirect effect, by using sensitivity analyses. 35 The level of residual confounding is represented by the correlation between the residuals (error terms) from the mediator and outcome models, denoted ρ (rho). We used the 'medsens' function to explore how varying levels of ρ between its maximum and minimum values (−1 to +1) influenced the average causal mediation effect. The output provides the value of ρ at which the point estimate and confidence intervals (CIs) of the average causal mediation effect includes 0 (no mediating effect). From this, we determined how strong the effect of unmeasured confounding would need to be to invalidate the estimated average causal mediation effect.
We conducted the primary analysis on complete cases. However, as there was 15%-23% missing data for mediators and 22%-35% missing data for the outcomes, we conducted a post hoc sensitivity analysis after imputing data with multiple imputation by chained equations. 36 We imputed 10 data sets with 10 iterations using predictive mean matching to impute continuous variables and logistic regression to impute binary variables. The mediators, group allocation and outcomes were included in the imputation model.
We made three deviations from the prespecified analysis plan. First, the primary mediator, weight, was self-reported rather than objectively measured, this decision was made due to the availability of data. Second, we transformed the diet measure and the physical activity measure, from an ordinal and continuous scale respectively, to a binary scale to benchmark the measures against Australian Guidelines. 37,38 A score of '1' indicates meeting the guidelines (i.e. diet: two or more serves of fruits and five or more serves of vegetables per day; physical activity: participation in ⩾150 minutes of moderate to vigorous physical activity per week) and '0' indicates not meeting these guidelines. Third, we harmonized measures of disability (Roland-Morris Disability Questionnaire in participants with chronic low back pain, 29 and the Western Ontario and McMaster Universities Osteoarthritis Index 30 in participants with knee osteoarthritis) to facilitate the interpretation of aggregate data from the two trials. We computed standardized scores for disability using the method proposed by Van Cleave et al. 39 These procedures are described in Text S1 in the Supplemental material.
Results
Trial assignment (chronic low back pain vs knee osteoarthritis trial) did not moderate the average causal mediation effect or the average direct effect for all single-mediator models. Thus, we present the aggregate average causal mediation effect, average direct effect and average total effect from both trials.
The intervention had no effect on pain intensity. The intervention did not reduce the primary mediator (weight) and did not improve the alternative mediators (diet, physical activity and pain beliefs). None of the mediators were associated with pain intensity (Table 1 ).
The intervention had no effect on disability and none of the mediators were associated with disability.
The intervention had no effect on physical quality of life and none of the mediators were associated with physical quality of life.
The intervention significantly improved mental quality of life; however, the intervention effect was not channelled via the selected mediators ( Table 1 ). The intervention did not reduce the primary mediator (weight), and weight was not associated with mental quality of life. The intervention did not improve the alternative mediators (diet, physical activity and pain beliefs); and physical activity and pain beliefs were not associated with mental quality of life. Diet was negatively associated with mental quality of life (i.e. meeting the dietary guidelines for serves of fruits and vegetables per day was associated with poorer mental quality of life).
The sensitivity analyses showed that our estimated average causal mediation effects were stable across all possible levels of residual confounding. The sensitivity plots for each model are reported in Figure S1 in the Supplemental material.
There were some differences in the pooled estimates obtained from the imputed data sets. In contrast to the non-significant total effects in the complete case analysis, the intervention showed a significant effect on disability and physical activity in the imputed analysis. However, these effects were not clinically meaningful. The results are presented in Table S1 in the Supplemental material.
As per the prespecified analysis plan, 17 we did not conduct multiple mediator models because the intervention did not reduce weight (primary mediator).
Discussion
Our mechanism analysis showed that a telephonebased healthy lifestyle intervention did not cause a meaningful change in the hypothesized mediators. Furthermore, these mediators were not associated with the key outcomes of the trial. The findings of this study suggest that weight, diet, physical activity and pain beliefs may not be important treatment targets for patients with chronic low back pain and knee osteoarthritis. ATE: average total effect; ADE; average direct effect; ACME: average causal mediation effect; QoL: quality of life.
Unstandardized coefficients with their 95% confidence intervals unless otherwise stated. a Binary model presented as an odds ratio.
Previous studies demonstrate that lifestyle-based interventions successfully improved weight, diet, physical activity and pain beliefs in patients with low back pain and knee osteoarthritis. For example, Messier et al. 40 reported that a six-month diet and exercise intervention led to a mean weight loss of 8.5 kg in participants with knee osteoarthritis. However, most of these trials evaluated intensive face-to-face consultations and none were delivered using telephone health coaching. This difference in the mode of delivery might explain why our intervention did not exert an effect on the hypothesized mediators, whereas interventions in previous studies did. Although telephone interventions are effective in reducing weight and the behavioural determinants of weight (diet and physical activity) for the general population, 41, 42 their effectiveness for patients with chronic low back pain and knee osteoarthritis have not been established. 43, 44 The telephone-based intervention used in our study was not effective in reducing self-reported weight, improving diet or physical activity, or changing erroneous pain beliefs in these patient groups.
Meta-analyses of observational cohort studies suggest that the hypothesized mediators are associated with patient outcomes. 4, 5, 7, 45, 46 Although these meta-analyses report adjusted estimates, they did not consider the effects of unmeasured or residual confounding. Therefore, it is possible that these estimates were influenced by confounding bias. In our study, the average causal mediation effect was stable across all possible levels of residual confounding, and we found no association between the majority of the hypothesized mediators and outcomes of pain intensity, disability, and quality of life.
To our knowledge, only one previous study of a lifestyle intervention in a similar population has undertaken causal mediation analyses. Foy et al. 47 found that in adults with knee pain and diabetes who were overweight or obese, reduction in weight explained 98% of the intervention effect on disability. Conversely, we did not detect a mediating effect through weight loss. The difference in results may be because Foy et al. included patients with concomitant diabetes, which could have moderated the indirect effect. Furthermore, Foy et al. used an objective measure of weight, which may have increased the reliability and/or validity, compared to our self-reported measure. Finally, Foy et al. did not undertake a sensitivity analysis to determine the impact of residual confounding on the mediator-outcome path, thus their estimate of the indirect effect through weight could be confounded.
Many studies suggest that improving lifestyle risk factors or changing pain beliefs positively affects patient outcomes in these patient groups. 43, 48 In the absence of causal mediation analyses, these studies can only assume that the intervention worked through hypothesized treatment targets. Without strong evidence for mediation through these targets, it remains possible that the intervention acted via alternative mechanisms. Despite this uncertainty, trials without mediation analyses have informed clinical practice guidelines for chronic low back pain and knee osteoarthritis. For example, for knee osteoarthritis, weight loss is strongly recommended for all overweight patients. 11 Likewise, for chronic low back pain, advice and education to correct erroneous pain beliefs is advised. 12 However, guidelines would be better informed through robust evidence of treatment mechanisms. Currently, the collective evidence does not convincingly demonstrate that overweight or obesity, poor diet, low levels of physical activity and erroneous pain beliefs are the appropriate mechanisms that should be targeted to improve pain intensity, disability and quality of life in patients with chronic low back pain or knee osteoarthritis.
This study had some limitations. We conducted causal mediation analyses on aggregated data from two trials which differed in clinical populations and in one intervention component. Effects could have been moderated by trial assignment; however, moderated causal mediation analysis suggested that presentation of average effects across both trials was justified. The results were sensitive to missing data for the outcomes of disability and physical quality of life, showing a significant total and direct effect for each outcome; however, the effects do not appear to be clinically meaningful. Furthermore, the absence of significant mediatoroutcome effects supports the implications from the primary analyses suggesting that the selected mediators may not be important treatment targets in this population group. The hypothesized mediators in this study were measured using self-reported questionnaires. Objective measures may improve the reliability and validity of the measurement of the hypothesized mediators. Measures for diet and physical activity were transformed from an ordinal and continuous scale, respectively, to a binary scale to allow interpretation against the existing national guidelines. This may have reduced the responsiveness of these measures. We made three deviations from the published protocol. Although we transparently disclosed these deviations, they could have introduced bias.
Our study found that the healthy lifestyle intervention delivered primarily using the telephone did not change the intended targets of weight, diet, physical activity and pain beliefs. Other studies suggest that a more intensive lifestyle intervention delivered face-to-face might change these targets. 43, 48 Currently, we cannot recommend that a lifestyle intervention delivered by telephone is preferable over face-to-face for patients with chronic low back pain and knee osteoarthritis. As the hypothesized mediators in this study were not causes of pain, disability and poor quality of life in patients with chronic low back pain or knee osteoarthritis, it is difficult to provide clinical guidance regarding prioritization of these mediators based on the findings of this study alone. Our findings should be interpreted with caution until replicated. Despite the lack of effect of our selected mediators, targeting lifestyle factors may offer other health benefits such as improved cardiovascular disease risk, 49 particularly for overweight or obese patients.
Future lifestyle interventions tested in this patient group should undertake mediation analyses to understand if the intervention changed the intended targets and if those targets are associated with outcomes. To provide more convincing evidence, objective measures should be used when possible, and sensitivity analyses assessing the effects of residual confounding should be undertaken.
This study aimed to test the underlying causal mechanisms of a telephone-based healthy lifestyle intervention for patients with chronic low back pain or knee osteoarthritis who are overweight or obese. Our findings show that the intervention did not improve pain intensity, disability and physical quality of life in participants with chronic low back pain and knee osteoarthritis. The intervention did improve mental quality of life; however, the intervention effect was not channelled via the selected mediators. The intervention did not cause a meaningful change in the hypothesized mediators, and these mediators were not associated with patient reported outcomes.
Clinical message
• • A telephone-based healthy lifestyle intervention for patients with chronic low back pain or knee osteoarthritis that aimed to change pain, disability and quality of life by targeting weight, diet, physical activity and pain beliefs, did not cause a meaningful change in the hypothesized mediators and patient reported outcomes.
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